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SUMMARY

In  Drosophilag compatibility between the sexually
differentiated state of the soma and the sex chromosome
constitution of the germline is required for normal

gametogenesis. In this study, we defined important aspects

of the soma-germline interactions controlling early
oogenesis. In particular, the sex-specific germline activity
of the ovarian tumor promoter was found to be dependent
upon somatic factors controlled by the somatic sex
differentiation gene transformer. This regulation defines
whether there is sufficient ovarian tumor expression in
adult XX germ cells to support oogenesis. In addition, the
ovarian tumor function required for female germline
differentiation is dependent on the activity of another
germline gene, ovo, whose regulation is transformer-

independent. These and other data indicate thabvarian
tumor plays a central role in coordinating regulatory inputs
from the soma (as regulated bytransformer) with those
from the germline (involving ovo). We also demonstrate
that transformer-dependent interactions influence whether
XX germ cells require ovarian tumor or ovo functions to
undergo early gametogenic differentiation. These results
are incorporated into a model hypothesizing that the
functions of ovarian tumor and ovo are dependent on an
early sex determination decision in thexX germline that is
at least partially controlled by somatictransformeractivity.

Key words: Oogenesis, Germlireyarian tumor transformer ovo,
Drosophila

INTRODUCTION portion of the adult germarium (region 1), germline stem cells
divide asymmetrically to produce daughter stem cells and
In Drosophila melanogastetthe sexual differentiation of the cystoblasts. These two cell types are identified by the presence
germline requires a complex interplay between celbf a globular spectrosome which can be detected with antibodies
autonomous factors controlled by the X:A ratio of the germand reagents specific for spectrin, a product fromhtié tai
cells and sex-specific somatic functions (No6thiger et al., 198%hao(hts) gene (an adducin-like protein), and f-actin (Lin et al.,
Steinmann-Zwicky et al., 1989; Steinmann-Zwicky, 1994a,b;1994; Rodesch et al., 1997). The cystoblast undergoes a set of
Nagoshi et al., 1995). For example, certain allele combinatiorfsur mitotic divisions noted by incomplete cytokinesis, to
of transformer transformer-2 and doublesex can cause produce a 16-cell cyst connected by cytoplasmic bridges (ring
chromosomally femaleX(X) flies to develop with most of their canals) through which passes a branched, proteinaceous
somatic tissues having a male identity, i.¥X pseudomales’ structure called the fusome (Lin et al., 1994; Lin and Spradling,
(Sturtevant, 1945; Watanabe, 1975; Nothiger et al., 1980). 1h995). The fusome results from the elongation and branching of
these flies, oogenesis is aborted and there is even occasionalg spectrosome during the cystocyte divisions, a transition
what appears to be early spermatogenic developmenssociated with decreased levels of fusome f-actin (Rodesch et
(Sturtevant, 1945; Seidel, 1963; Watanabe, 1975; Nothiger at., 1997). Shortly after the completion of the cystocyte
al., 1980, 1987, 1989). Since the germline expressions of thedw&isions, the somatic follicle cells begin to associate with the
sex regulatory genes are not required for early stages @B-cell syncytium. This marks the beginning of germarial region
gametogenesis (Marsh and Wieschaus, 1978; Schipbadh,during which the fusome disappears and f-actin and another
1982), the aberrant germline phenotypes must result from thes product (HTS-RC) integrates into the ring canals (Lin et al.,
male transformation of the soma. 1994; Robinson et al., 1994). In region 3, the germline cyst is
The interpretation of these studies is complicated by theurrounded by follicle cells to form a stage 1 egg chamber. This
difficulty in diagnosing the differentiated state of abnormal gernperiod is noted by the localization of a product fromkékeh
cells when using only morphological criteria. Therefore, we toolgene to the ring canals (Xue and Cooley, 1993; Robinson et al.,
advantage of molecular probes that facilitated the identificatioh994). These events differ from that seen in spermatogenesis in
of sex- and stage-specific germline structures. Thessvo aspects relevant to our study. First, the multibranched
characteristics are described as follows. In the most apicapermatogenic fusome contains substantial levels of f-actin and
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persists past the 16-cell stage into the meiotic divisions (Himiga mutations cause germ cell aberrations during first instar
et al.,, 1996). Second, male germline ring canals do ndarval stages (Seidel, 1963; Steinmann-Zwicky, 1994a) and
incorporate f-actin, HTS-RC or KELCH proteins, indicating amisregulated sex-specific germline gene expression in the
different maturation process (Hime et al., 1996). Therefore, thesnbryo (Staab et al., 1996). Furthermore, wK&hsoma is
components of spectrosomes, fusomes and ring canals provi@eninized by ectopidra expression (to form ‘pseudofemales;’
important tools to identify the differentiated state of germ cellsvicKeown et al., 1988), the somatic components of the ovaries
under different mutant conditions. are sufficiently ‘female’ that they can support the maturation of
It is not clear which germline genes are influenced by th&ansplantedXX germ cells (Steinmann-Zwicky, 1994a). The
proposed somatic interactions. Three possible candidates bagegudofemale soma also appears to partially feminize the XY
on their early and sex-specific roles in female germlingermline, as these cells now required the normally female-
differentiation areovarian tumor (otu), ovo and Sex-lethal  specificotu function for optimal proliferation (Nagoshi et al.,
(Sx). The expression oftu is required in the germline at 1995). These observations indicate tratontrols a substantial
several stages, if not continually, in oogenesis (reviewed iportion of the somatic-germline interactions affecting early
King and Storto, 1988). The null mutant phenotype isgametogenic differentiation.
characterized by the absence of egg chambers in an otherwisdn this paper, we tested for regulatory and functional
normal ovary, denoted as the quiescent phenotype (King aroteractions between the somatically requitradgene and the
Riley, 1982), although substantial numbers of germ cells argermline functions 0btu andovo. We found thatra function
still present in the germarium (Rodesch et al., 1995). Null andetermines whether sufficiemttu is expressed in adukX
severe loss-of-function mutations can also produce ‘ovariagerm cells to support oogenesis. This regulation occurs at the
tumors, a phenotype characterized by egg chambelsvel of theotu promoter, and imposes stage- and sex-specific
containing hundreds of seemingly undifferentiated germ cellexpression obtu that differs significantly from the pattern of
Both the quiescent and tumorous cells are aborted at earyopromoter activity. We show thatu has two functions, one
oogenic stages, during the cystocyte divisions prior to cysegulating oogenic differentiation that is dependentvam and
formation (Rodesch et al., 1997). Mutationsoitu have no  one influencing germ cell proliferation that appears tovie
significant effect on spermatogenesis, although sommdependent. These and other observations indatatplays
aberrations in male courtship behavior have been reportedcritical role in linking the somatic sex regulatory pathway
(Tirronen et al., 1993). with the germline genes controlling early oogenesis. Finally,
The ovo gene has been implicated in regulating sexwe present evidence that the germline requiremermvioand
determination and dosage compensation in the germlingtu are influenced bytra-dependent somatic interactions.
(Oliver et al., 1990, 1993, 1994; Wei et al., 1994). This is basetihese data give rise to a hew hypothesis for the regulation of
primarily on observations thaivo null XX germ cells are early oogenesis that differs significantly from current models.
typically not found in the adult ovary, presumably because of
reduced cell viability (Oliver et al., 1987, 1990; Rodesch et al.,
1995; Staab anc_i Stginmann—Zwicky, 1995). In addition, Cert_aif\‘/lATERlALS AND METHODS
ovo allele combinations produce tumorous germ cells which
morphologically resemble primary spermatocytes (Oliver ety strains and crosses
al., 1987, 19.90): These phenptypes makea cangildate target Flies were raised on standard cornmeal, molasses, yeast, agar media
for a somatic signal regulating early oogenesis, although th&ntaining propionic acid as a mold inhibitor and supplemented with
expression obvo in adult germ cells does not appear to bejie yeast. Unless otherwise noted, alleles and chromosomes used are
responsive to somatic influences (Oliver et al., 1994)described in Lindsley and Zimm (1992). Tis-otu strain was
Interestingly, there is recent evidence tbab might directly  obtained from the laboratory of P. Geyer. The construct consists of a
regulateotu (Hager and Cline, 1997; Lu et al., 1997). The OVO4 kb Hpal otu genomic fragment starting 64 bp downstream of the
protein can bind to sites in tlwu promoter, which displays transcription start site and ending 139 bp downst.ream of the
sensitivity to changes in the dosageowb* function. It is not translation stop codon, under the regulation ofi@sophila hsp70
known when this putative regulation ofu occurs nor what Promoter and the polyadenylation sequences obxthebulin gene.
role it plays in oogenesis. The transgene is marked with* and is inserted into an unmarked

Besides its essential role in the female germlineSttigene second chromosome. Th#u-lacZ strain contains thevt marked
9 9 transgene inserted on the second chromosome (Rodesch et al., 1995).

controls sex determination and dosage compensation iR construcpOtu104 a 0.4 kiHpal-Pst fragment containing thetu
somatic cells (reviewed in Cline and Meyer, 1996). Femalepolyadenylation site was inserted into the equivalent sites inthe
sterile alleles represent hypomorphic mutations thabrosophilatransformation vecto€asper-3(Pirrotta, 1988), to form
specifically disrupt the germlir@xIfunction but allow normal Casper-3-otu. This was followed by the insertion of a 736 bp
somatic development (Perrimon et al., 1986; Salz et al., 1987 ¢caRV (artificial site)Hpal otu promoter fragment, containing 672 bp
These result in ovarian tumors superficially similar to thosé@f sequence upstream of the primary transcription start site, into the
produced byotu and ovo (reviewed in Pauli and Mahowald, Hpa site of the Casper-3-otu subclone.Csp-3-8 represents the
1990; Steinmann-Zwicky, 1992). Pole cell transpIantatiorP“e”tat'O” in which thetu promoter and _poly-adenylatlon sequences
studies have led to the suggestion that the soma might influeng,]rg now separated by a singipal site. Finally, a CDNA specific for

. S . 104 kDaotu isoform was inserted in the appropriate orientation
aspects of germline sex determination through the regulathﬂto theCsp-3-8 Hpasite. Germline transformation pDtul04gene

of Sxl (Steinmann-Zwicky, 1994b). , was carried out by standard methods (Rubin and Spradling, 1982).
With respect to interactions with the germlimensformer

(tra) is the most extensively studied of the somatic sex regulatofyonstruction of XX pseudomales
genes. The masculinization XX soma due to loss-of-function XXflies that carry mutations inansformerdevelop as somatic males
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(denoted a¥XX pseudomales). The heterozygous combinations of twof the germline-specifizasapromoter and was a gift from F. Laski
loss-of-function allelestral and tra%, were used to optimize the (Rodesch et al., 1995; Heller and Steinmann-Zwicky, 138&)lacZ

isolation of viable pseudomales. Chromosome abbreviattoms= placesB-galactosidase under the control of dwe promoter (Mével-
tra® kar? ry® red, otuP2l = otuPALl v f, ovdP1rSl=y w ov®1rSL Sxf5 = Ninio et al., 1995).
y Sxf. XX pseudomales wild type or mutant fwrg, otu or Sxlwere Gonads were dissected in PBS, then incubated in 50% fixative: 50%

produced by the following crosses: &) ; tral/TM6 x FM6/Y: heptane in a covered depression slide with agitation for 3 minutes.
tra¥/TM6, (by+/+; tra¥TM6 x +/BSY; tral/TM6, (c) otuPAY/FME; The tissue was rinsecd PBS + 0.1% Triton X-100. The tissue was
tral/TM6 x otuPAY/BSY; tra¥/TM6, (d) ovdPlrSYFMB6; tral/TM6 x incubated in staining solution overnight at room temperature in the
ovePlrSYBsY; tra¥TM6, (e) SxI/FM6; tral/TM6 x Sx[5/BSsY; dark. After staining, the preparation was washedds 20 minutes
tra%/TM6. Pseudomales carryings-otuwere produced by (ghs-  with PBS. The tissue was mounted in 50% glycerol in PBS. Stock
otu/hs-otytra¥/TM6 x +/BSY; tral/TM6, (h) ovdP1'SYFMB6; hs-otu/hs-  solutions: solution A, 6.75 g/l NaCl, 6.63 g/l KCI, 0.66 g/l
otu; tra®/TM6 x ovdP1rSYBSY; tral/TM6, (i) hs-otu/hs-otutra¥/TM6 MgSQy7H20, 0.54 g/l MgC#6H20; 0.33 g/l CaCGi2H20; solution

x +/BSY; otu-lacZ/CyQ tral/TM6, (j) hs-otu/hs-oty tra¥/TM6 x B, 1.4 g/l NaHPQ, 0.1 g/l KHP Oy, taken to pH 7 with NaOH; and
+/BSY; ovo-lacZ/CyQtral/TM6, (k) hs-otu/hs-otutra¥/ TM6 x +/BSY; solution C, the same as solution A but with 3.7% formaldehyde.
BC69/CyQtral/TM6. Pseudomales carryimgDtul04were produced  Fixative: 9 parts solution C and 10 parts solution B. Staining solution:
by () pOtul04/pOtulQ4 tra¥/TM6 x +/BSY; tral/TM6, (m) 0.75 mis of a mixture of 9 parts solution A and 10 parts solution B,
otuPA/FM6; pOtu104/pOtul04tra®/TM6 x otuPAL/BSY; tral/TM6. 0.1 ml 50 mM potassium ferricyanate, 0.1 ml 50 mM potassium
All crosses were cultured at either room temperature (20-23°C) or iferrocyanate, 50ul 100 pg/ul 5-bromo-4-chloro-3-indoxyp-

a 25°C incubator. Both conditions lead to identical phenotypes (dagalactopyranoside (X-gal) in N, 'Mlimethylformamide, to a total
not shown). volume of 1.0 ml in water.

Construction of XY pseudofemales Microscopy

The hs-tratransgene placasa under the control of thBrosophila ~ Confocal images were obtained on a Nikon Optiphot using a Bio-Rad
hsp70 promoter (McKeown et al.,, 1988; Rodesch et al., 1997;MRC 1024 confocal laser apparatus. Sections were manipulated using
McKeown et al., 1988). To creatyo mutantXY pseudofemales, w Bio-Rad Lasersharp image analysis software and transferred to Adobe
ovePI'SYEMG; Ki hs-tra @ Df(tra)/TM6 females were crossed to Photoshop for figures. Other microscopy was performed on an
+/BSY males.ovo mutantXY pseudofemales were identified as white, Olympus Vanox AHBT3 microscope using an Optronics LX450A
Bar-eyed females. camera for image capture.

Whole-mount immunohistochemistry and fluorescent

labeling

The differentiated state of mutant and wild-type germ cells WagESULTS

determined by immunohistochemical analyses using antibodies and .

reagents specific for spectrosomes, fusomes and ring canals. Addtysome and ring canal phenotypes of XX

were aged for 4-7 days (unless otherwise noted) after eclosiofpseudomale germ cells

Gonads were dissected in PBS (130 mM NaCl, 7 mMHR&:- XX pseudomales produced trig mutations contain three types
2H0, 3 mM NahPQ;-2H,0). The tissues were fixed in a 111 of gonads that differ in the viability and sexual phenotype of
solution of fix:heptane (fix: 4% paraformaldehyde in PBS) for 20iheir germ cells (Brown and King, 1961; Seidel et al., 1963:

minutes with gentle agitation. Tissues were washeith #BT (0.1% R : - -
Triton X-100, 0.05% Tween 80 in PBS) for 15 minutes. These werbOtiger et al., 1989). We repeated this analysis using
olecular probes that provided more definitive criteria for

then permeabilized for at least 2 hours in blocking buffer (PBT + i .. . . ,
mg/ml crystalline bovine serum albumin, Sigma) at room temperatur&ategorizing the germline phenotypes. Gonads from ‘normal

All antibodies were diluted to the appropriate concentration inXXpseudomales (i.e., carrying wild-type allele®wd, otuand
blocking buffer. Incubations with primary antibodies were performedSx) were simultaneously labeled with antibodies for spectrin
at 4°C overnight. Primaries included the following monoclonals: antiand HTS-RC to identify spectrosomes, fusomes and oogenic
alpha-spectrin (3A9, 1:200 dilution; from D. Branton), anti-HTS-RCring canals. Three categories of gonads were defined.

(HTS 655 4C, 1:100) and anti-KELCH (1B, 1:4), both from L. Cooley, The most common class were the ‘atrophic’ gonads, found

and a p_oncI_onaI VASA antibody preparation (1:_1000) from L. e_md Yin about half of the pseudomales examined (39/80; Fig. 1A).

fg%wzg"gar'iﬁiu"g‘;{ﬁ)rzeﬂt‘r’]"ggc‘(’)"ggath“;f]titi drine'gu(t(;a”l‘j‘{gzhfz 0'8) '?('fﬁ:hese contained no differentiating germ cells, as spectrosomes,
Y v ' fysomes, or ring canals were not observed. Confirmation of this

3 hours at room temperature. Secondaries used were biotinylated al i tati f i . ti hich
mouse and anti-rabbit IgG (Sigma), and Oregon Green or Texas Reglerpretaion came irom a separate experiment in whic

conjugated anti-mouse IgG (Molecular Probes). With biotinylateddonads of this type were double-labeled with antibodies for the
secondaries, the preparations were fluorescently labeled using Tex@@mline-specific VASA protein (Hay et al., 1988) and
Red or Oregon Green-conjugated streptavidin reagents (Molecul&pectrin. In every case examinegs10), gonads lacking cells
Probes) diluted 1:500 in blocking buffer and incubated for 30 minutewith spectrosomes and fusomes also failed to label with VASA
at room temperature. Phalloidin staining was achieved by dissolvingFig. 2A).

2 units of either Texas Red or Oregon Green-conjugated phalloidin The next two categories were composed of gonads with

minutes at room temperature. Preparations were subsequently washed., ooty he presen f rosom nd fusom
3x for 15 minutes in PBT. Nuclei were labeled by performing the final onstrated by the presence of spectrosomes and fusomes

antibody rinses in 0.2g/ml DAPI in PBT. Preparations were mounted (Fig. 2B). These were SUdeVId.Ed depending on whether _th_ey
in Vectashield (Vector Laboratories). expressed the HTS-RC protein, an oogenic characteristic.

Gonads without HTS-RC-positive cells were designated as
B-galactosidase staining ‘non-oogenic’ and were found in 19% (15/80) of pseudomales
Construction and properties of thii-lacZconstruct are described in  (Fig. 1A). These could derive from aborted oogenesis before
Rodesch et al. (19933C69is an enhancer trap line under the control HTS-RC expression or if the germ cells underwent male
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Fig. 1. Distribution of XX pseudomale gonad
types produced by mutationsomo, otuandSxl  70%
tra mutantXX gonads were labeled with 60%
antibodies specific for VASA and HTS-RC.

Atrophic gonads are VASA-negative. Non- 50%
oogenic gonads have VASA-positive germ cells 4o
that do not express HTS-RC in their ring canals.
Oogenic gonads are VASA-positive and HTS- 30%
RC-positive. Number at the top of each column20%
indicates the number of gonads examined for 10%
that genotype. All genotypes ax&;; tra* kar? 0
ry> red/tral. Other mutations in each genotype: 0% f f

(A) y w ov®1ISYEM6. (B) y w ov&®1rSly w A B C [? E F G
ovAPIrSL (C) ottPALy flotPAL v f. (D) y SxiSly + oo o P+ o "
Sxf5. (E) y w ov@LrSYFM6; hs-otu/CyO(F) y w hs-otu hsotu hsotu
ovdP1rSY y w ov®1rSt hs-otu/CyO (G)y Sxiry

Sxf3; hs-otu/CyO. XXtra™ pseudomales

] non-oogenic
O oogenic

| atrophic

differentiation. It appears that the latter make up the majoritdifferentiation was occurring as well. The frequency of the
of non-oogenic gonads in normal pseudomales, as germ celisn-oogenic gonads inovo mutant pseudomales was

of this class were typically connected by multibranchedessentially unchanged from that observed in normal
fusomes containing f-actin, a spermatogenic characteristigseudomales (18% versus 19%). This suggests the observed
(Fig. 2C). The remaining ‘oogenic’ class was found in 33%ncrease in the atrophic category was due primarily to the loss
(26/80) of XX pseudomales. These were characterized by onaf the oogenic class (Fig. 1B).

or more cell clusters expressing HTS-RC (Fig. 2D,E). In these Mutations inotugave results similar to that describedduo
gonads, the ‘feminized’ clusters were surrounded by cell§Fig. 1C). Again there was a reduction in oogenic gonads
without HTS-RC expression, indicating female germlineoccurring concomitantly with a compensating increase in

differentiation was infrequent and sporadic (Fig. 2E). atrophic testes. As with botiva* andovomutant pseudomales,
approximately 20% of gonads were non-oogenic and these

ovo, otu and Sx/ are only required in XX germ cells frequently contained multibranched fusomes. This suggests that

undergoing female differentiation otuandovomutations specifically disrupt only those germ cells

We next compared the effects of@mnull mutationovdPlSL  attempting female differentiation, rather than the indiscriminate
on XX germ cells developing in pseudomale testes and fematdimination of the entireXX germline. This possibility was
ovaries. In femalespvd’1rS1 mutantXX germ cells typically supported by more detailed analysis of a sampling obvoe
arrest beginning at larval gonial stages (Rodesch et al., 199%0n-oogenic pseudomales. In all gonads examined (8/8),
Staab and Steinmann-Zwicky, 1995, although see Oliver et amultibranched fusomes were present containing f-actin, a
1990 for evidence of earlier arrest). Occasionally, mutant gerrharacteristic of early spermatogenesis (the same phenotype as
cells survived to the adult stage, where they were sufficientlthat seen in Fig. 2C for non-oogemiect pseudomales).
viable to express the germline-specific VASA protein (Fig. A different phenotype was observed XX pseudomales
2F1; Rodesch et al., 1995). However, these cells generaliyjutant for the germline function &xl As with ovoandotu,
failed to undergo gametogenic differentiation as seen by th&xlfemale-sterile mutations blocked oogenic differentiation in
absence of spectrosomes, fusomes or ring canals (Fig. 2F2; X pseudomales (Fig. 1D). However, this did not lead to more
N. Nagoshi and S. H., unpublished data). We reasoned that,afrophic gonads. Instead there was an increase in the non-
the requirement foovois solely dependent on the X:A ratio, oogenic category such that the frequency of non-atrophic
then the phenotype a@vo mutant germ cells in pseudomales gonads was equal ®xI* pseudomales (compare Fig. 1A and
should be at least as severe. In this casegut®"SImutant D). These observations indicate a fundamental difference in the
XX pseudomale gonads should be either atrophic or containgermline phenotype caused by tBislallele compared tovo
few clusters of mostly undifferentiated germ cells. Such and otu mutations, and demonstrate that aborted oogenesis
result had previously been reported, though without supportindoes not inevitably lead to reduced germ cell viability in
data (Steinmann-Zwicky, 1989). pseudomales.

Our studies showed a more complicated phenotype. ) o
Although there was an increase in the frequency of atrophi¢icreased otu expression can feminize XX
gonads (82%) compared to normal pseudomales (48%), viaseudomale germ cells
also found many of the non-oogenic type (11/60, Fig. 1B). Th&he hs-otuconstruct places thetu gene under the control of
non-oogenic gonads contained VASA-positive germ cells (Figthe Drosophilaheat-shockhsp70promoter. This construct can
2G), with spectrosomes and multibranched fusomes (Figuppress allotu mutations to fertility at room temperature
2H,1). This indicates that not only were a substantial fractioffRodesch et al., 1995; data not shown). We previously showed
of the mutant germ cells viable in adults, but gametogenithaths-otucould alter thexX pseudomale gonadal phenotype;
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however, the nature of this change was not determined In section lll, the pseudomale germ cells have differentiated
(Nagoshi et al., 1995). To examine whether and to what degrée postgermarial stages as defined by the expressikelaf
otu expression could induce oogenic development ifThe KELCH protein is localized to female ring canals after the
pseudomales, immunohistochemical studies were performedeposition of HTS-RC and f-actin (Robinson et al., 1994). It first
When continually cultured at 20-25°@s-otu pseudomale becomes detected in female ring canals in stage 1 egg chambers,
gonads were as much as two to three times longer than norntit is not seen in all ring canals until stage 4 (Robinson and
(Fig. 3A,B). In addition, 88% of thhs-otugonads examined Cooley, 1997). Imhs-otu XXpseudomales, the germ cell clusters
(36/41) showed extensive HTS-RC-labeling of ring canalsn section Il contained thick ring canals with virtually all
(Figs 1E, 3C). These ‘feminized’ gonads displayed ahowing KELCH deposition along the inner surface of the f-
developmental progression of gametogenic stages, which cowddtin layer (Fig. 3F). In comparison, no KELCH-labeled ring
be subdivided into three sections corresponding to germariahnals were observedXX pseudomales withotis-otu(n=15),
regions 1-3 in normal oogenesis (I-1ll, Fig. 3C). indicating that oogenesis was not only less frequent, but also
Section | includes the most apical portion of kiseotu XX  more limited. Consistent with the more mature ring canal
pseudomale testis and was found to contain gametogenic stagd®notype were the large germ cell nuclei that stained
characteristic of germarial region 1 in ovaries (Fig. 3D).extensively with DAPI, characteristics suggestive of polyploidy
Localized at the distal tip was a group of cells containingFig. 3G). Frequently, clusters of large cells were associated with
spectrosomes, a characteristic of germline stem cells aradsmaller cell containing at least four ring canals. This phenotype
cystoblasts. Immediately adjacent were clusters of cellsuggests oocyte differentiation and nurse cell polyploidy,
connected by branched fusomes containing spectrin. consistent with oogenic development to as late as stage 4.
In section II, the fusomes have disappeared and the Taken together, these results indicate the masculinizing effect
differentiation of the ring canals continues with the depositiorof male soma (or the absence of female somaPogerm cells
of HTS-RC and f-actin (Fig. 3E). The localization of these twocan be partially, but consistently, overridden by the expression
components to the rings does not occur simultaneouslgf otufrom a heterologous promoter. The resulting fusome and
Clusters of germ cells were detected in which all the ring canating canal development follows the same sequence of events as
contained HTS-RC, but only a subset were labeled bgccurs in normal oogenesis. Therefore, pseudomale germ cells
phalloidin. In comparison, by the end of section Il all the ringare competent to both initiate and undergo substantial oogenesis
canals were found to contain both factors. This suggestbprovided with adequate levels ofu.
sequential deposition in which HTS-RC is localized first to the ] . ]
ring canal, followed by f-actin. A similar sequence of events i®vo and Sx/ are required for otu-induced oogenic
thought to occur during normal oogenesis in germarial regioflifferentiation in - XX pseudomales
2 (Yue and Spradling, 1992). We next determined whether tberinduced feminization of

Fig. 2.Germ cell and gonadal phenotypes of
ovo" andovo™ XX pseudomalegra mutantXX
pseudomale gonads were examined by
immunohistochemical analysis for the presend
of germ cells, fusomes, and ring canals. Nucl
were stained by DAPI. (A) Atrophi¥X
pseudomale testis (germarial region at top)
labeled with anti-VASA. Gonads of this class -
are devoid of VASA-positive germ cells and do / af
not have spectrosomes or fusomes (data not |
shown). (B)XX pseudomale non-oogenic gonagl ' “ TR
labeled with anti-spectrin. Spectrosomes (s) aif 100p T b iy | ., . loox
found in stem cells and cystoblasts. - o N . - , =
Spectrosomes give rise to branched fusomes (g™ "% L t & spectrin
that connect cystocyte clusters. (C) Typical : : ' 5 &
fusome from non-oogenX pseudomale germ
cells labeled with phalloidin. Presence of f-
actin is characteristic of spermatogenic fusomdg
(D) HTS-RC-labeled ring canals from oogenic -
classXX pseudomale gonad (arrow).
(E) OogenicXX pseudomale testis labeled with
anti-HTS-RC. Arrow points to one of five germ
cell clusters with HTS-RC-positive ring canals,
(F1) ovdPIrSImutantX X female ovariole spectrin k‘ T

labeled with anti-VASA antibodies. Large ‘ —

clusters of VASA-positive germ cells are 3

present in some germaria. (F2) Same ovariole as (F1) labeled with anti-spectrin. Cell periphery is labeled but theretansoraesper
fusomes. (GpvdPlrSImutantXX pseudomale testis of the non-oogenic class labeled with anti-VASA antibodies. Note clusters of VASA-
positive germ cells in anterior half of testis. These do not express the female-specific HTS-RC protein. (H) Gerroagi#lahutantXX
pseudomale testis labeled with anti-spectrin antibodies. Spectrosomes (s) and fusomes (f) are present. (I) A higher mafaifiagtiy
branched fusome from avomutantXX pseudomale gonad labeled with anti-spectrin. All plates except D are confocal images.

f-actin

L1
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the XX pseudomale germline was dependentowo and SxI

pupal periods (Mével-Ninio et al., 1995; Figs. 4D,E). The

function. XX pseudomales were constructed carrying one copgxpression pattern in the adult testis is identical to that seen

of hs-otuand either homozygous mutant fard®1rS1or SxfS.

with otu-lacZand has been published elsewhere (Oliver et al.,

The mutant gonads were labeled for the germline-specifit994). These results demonstrate that tte and ovo
product, VASA, and the female ring canal protein, HTS-RCpromoters are under different regulatory control in the pre-
In neither genotype was there an increased frequency aflult germline.

oogenic gonads due tas-oty indicating thatovo and SxI

mutant germlines cannot be feminized (Fig. 1F,G). HoweveQtU, but not ovo, promoter activity is influenced by

the hs-otu construct did cause an increase in the number dfa-induced sexual transformation

gonads possessing VASA-positive cells (compare the non- We next examined how changes in the somatic sex
oogenic and atrophic classes in Fig. 1B,F). The proportion ohfluenced otu-lacZ and ovo-lacZ activities. otu-lacZ
non-oogenicovo mutant pseudomale gonads increased fronexpression was greatly reducedXX pseudomales (data not

18% without hs-otu to 64% with the construct, in effect shown);
equaling the frequency of non-atrophic gonads owo*

however, the interpretation of this result was
complicated by the high frequency of degenerating germ cells

pseudomales (Fig. 1A). A more modest improvement was aldo these gonads. To compensate for this probtgmlacZwas
obtained inSxl mutantXX pseudomales, where the frequencyassayed inhs-otu XXpseudomale gonads which typically
of VASA-positive gonads increased from 52% to 74% (Fig.contained viable, oogenic germ cells (Fig. 1E). We found that

1D,G). These results indicate an additional roleofain some
process affecting germline viability and/or

proliferation that is separable from ooge
differentiation and independent o¥o and,
possibly,SxI functions.

The otu and ovo promoters are
differentially regulated

The finding thaths-otu can feminizeXX
pseudomale germ cells suggests ooge
is blocked because of insufficientiu levels.
We therefore examined whethea-inducec
sexual transformation affects the levebai
gene expression. In addition, we comp:
the regulation of thevo andotu promoter:
to confirm our previous suggestion t
these two genes are differentially regule
(Nagoshi et al., 1995) and to investigate
possibility that ovo may control otu
promoter activity (Lu et al., 1997).

Two constructs were utilized in which 1
otu (otu-lacZ Rodesch et al., 1995) ovo
(ovo-lacZ Meével-Ninio et al.,, 199t
promoters were fused to the structi
lacZ gene. We first compared th
developmental expression patterns in w
type gonads. Both were expres
specifically in the adult female germline,
differed in their activity during preadt
stages.otu-lacZ was expressed in most,
not all, larval and pupal germ cells in b
female (Rodesch et al., 1995) and n
gonads (Fig. 4A,B). Sex-specific regulat
only became apparent in the adult te
where male germline expression beci
restricted to a few cells at the apical tip (I
4C; see also Hager and Cline, 1997
analogous results with a similar constru
As with otu, the ovo promoter is initially
active in both male and female larval gon
(Mével-Ninio et al., 1995). Howevegvo-
lacZ becomes sex-specific at an eal
stage, showing restricted expression in r
gonads during the third instar larval ¢

even under these optimized conditionj-lacZ activity was

HTS-RC

Actin —a

Kelch —1

» HTS-RC

Actin

Fig. 3.0ogenic stages observedXiX pseudomale gonads carrying one cophobtu

(A) XX pseudomale testis withohs-otulabeled with DAPI to label nuclei. (B) Testis of

XX pseudomale carrying one copyhs-otulabeled with DAPI. (Chs-otupseudomale

testis labeled with anti-HTS-RC. A number of germ cell clusters have ring canals with
HTS-RC. Sections |, Il and Il identify domains of germ cells at distinct developmental
stages. (D) Confocal image of germ cells in Section | labeled with anti-spectrin antibodies.
Spectrosomes (s) and fusomes (f) are detected. (E) Confocal image of ring canals located
in Section Il labeled with anti-HTS-RC (green) and phalloidin (red). Regions of overlap
are in yellow (top plate). Lower two plates represent the individual HTS-RC channel and
phalloidin channel, respectively. Note that not all rings have incorporated f-actin.

(F) Confocal image of ring canals located in section Il labeled with anti-KELCH (green)
and phalloidin (red). Regions of overlap are in yellow. KELCH is localized in inner

surface of f-actin layer. (G) Cells located in section IlI stained with DAPI (top) and anti-
HTS-RC (bottom). DAPI channel shows large nurse-like cells surrounding small oocyte-
like nucleus (arrow). HTS-RC channel showing five ring canals surrounding the oocyte
nucleus (arrow). For D-G, the size bar is equal o5
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adult

otu-lacZ

Fig. 4.otuandovopromoter expression in wild-type animals.
Animals carrying one copy aftu-lacZor ovo-lacZwere

stained fo3-galactosidase expression (green staity-lacZ
expression in (A) a third instar larval testis, (B) a pupal testis
and (C) an adult testis (expression is restricted to a few apical I S e
cells, arrow)ovo-lacZexpression in (D) a third instar larval @Vo-lacZ == - &
testis (expression is restricted to only a few cells at most :
anterior region, arrow), and (E) a pupal testis (expression is
still restricted to only a few apical cells, arrow). Size bar S
equals 10um. —

reduced and sporadic, wifltgalactosidase staining in a few pseudofemale germ cells consistently expressedacZ(Fig.
isolated cell clusters in only a minority (3/13) of gonads (Fig5E). This indicates that the feminizing effectstraf, but not
5A,B). Even germ cells with clear oogenic phenotypes (suchvo, are necessary fastu transcription in this genotype. In
as large, nurse-like nuclei) typically showed litteu-lacZ  comparison, th@vo promoter is not detectably active XY
expression. In contrastvo-lacZ was
extensively expressed in all (10/1%-
otu XX pseudomale gonads (Fig. 5 Al B1 A=
consistent with previous stud e
demonstratingpvo promoter activity it
XX pseudomales using a simi
construct (Oliver et al., 1994). T
same result was seen with a germl
specific enhancer-trap lInC69 in
which lacZ is controlled by thevase
promoter (Rodesch et al., 1995).
(14/14) hs-otu XXpseudomale gona
carrying BC69 showed substanti
expression of B-galactosidase (Fi
5D). These data demonstrate that
tra-induced sexual transformati
specifically inhibits otu promote
activity.

We also performed the recipro
experiment in whichotu-lacZ activity
was examined inXY germ cells
developing in a female soma
background. XY  pseudofemale
produced by the ectopic expressiol
tra result in ovaries containir pr— :
tumorous egg chambers (McKeowr Fig. 5.otu promoter expression in sexually transformed animals. A@Xijtsseudomale testes
al., 1988). BecausXY pseudofemal stained fo3-galactosidase (green stain) and DARb@lactosidase staining tends to suppress
germ cells become sufficien DAPI fluorescence). (A,B)_(X pseudomalt_as vyhose germlines were femlnlze_d_by one copy of
feminized’ that they acquire a ne hs-otu (A1) No3-galactosidase expression is observed allthough DAPI staining (A2) detects.
for otu function for optima many germ cell clusters. (B1) Same genotype as A showing a subset of germ cells expressing

. . . B-galactosidase. Most cells do not expifégmlactosidase , even those with large, nurse-like
pro_hferanon (Nagoshi et al., 1995), nuclei (B2, arrow). (Cpvo-lacZexpression in aXX pseudomale gonad. Unlikgu-lacZ ovo
anticipated they would also is expressed in the majority of germ cells. {>ypseudomale carrying tHRC69enhancer
permissive forotu promoter activity  trap. Most germ cell clusters exprésgalactosidase. (Bjtu-lacZexpression (one copy) in
This was in fact the case. Even in ovePlSYY pseudofemale somatically feminized fisttra Even in the absence o¥q, theotu
absence of ovo function, XY promoter is highly active. Size bar equals L@
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n=44 n=152 n=56 n=41 n=45

domale gonads

@ >5 Hts clusters
Fig. 6. Frequency of HTS-RC-expressing gonacﬁ O 15 Htsclusters
in differentially agedXX pseudomaledra
mutantXX gonads were labeled with antibodies®
specific for HTS-RC. Genotypes from A-C are
derived from the crosstuPAl v f/FM6; tra% kar?
ry5 red/TM3X pOtu104/pOtul0ztral/TM6. (A,
B) +/FM6; pOtu104/+ tra#/tral. (C) otuPAl/+;
pOtu104/+ tra*/tral. (D, E)hs-otu/+ tra%/tral o104+  pOw1od+  owPALs he-otu/+ hs-otU/+
from the crosshs-otu/hs-otutra® kar ry

red/TM6X +/BSY; tral/TM6. 1-3d, aged 1-3 (1-3d) (7-10d) pOtu104/+ (1-3d) (7-10d)
days posteclosion before dissection; 7-10d, aged (1-3d)

7-10 days posteclosion; n, number of gonads

examined for that genotype. XX tra™ pseudomales

M o Hts clusters

frequency of

pseudofemales (Oliver et al., 1994), again illustratingsoma. We now extend these findings to show that a separable
differential regulation obvo andotu. otu function controlling oogenic differentiation is also affected
We wanted to confirm that the somatic regulation of adulby somatic interactions. The heterologous expressiootiof
otu promoter activity could account for the pseudomalgeminizes theXX pseudomale gonad at two levels. Finstotu
phenotypes. This was accomplished with th®tul04 expression dramatically increases the number of viable,
construct, in which a functionadtu cDNA is fused tootu  differentiating germ cells as seen by the absence of atrophic
promoter sequences. One copy of this transgene cayonads (Fig. 1E). Second, the germline can differentiate to
complement to fertilityotu null mutations (for description of more mature oogenic stages than typically seenXX
an analogous construct see Sass et al., 139§)seudomales pseudomales, following the same progression of fusome and
were constructed with one copy @dtul104 thereby carrying ring canal maturation events as occurs in normal oogenesis. In
three doses aftu (two endogenous genes and the transgenejact, the hs-otu XX pseudomale gonad becomes organized
When dissected 1-3 days posteclosion, almost 90% of thmuch like a normal ovarian germarium.
gonads were oogenic (Fig. 6A) with the majority containing These results demonstrate a critical and rate-limiting role for
greater than five HTS-RC clusters. In contrast, eliminating onetu in the somatic regulation of oogenesis. In effect, the
endogenoutut gene blocked this feminization (Fig. 6C). developmental program for oogenic differentiation to about
Therefore, three doses otu genes or transgenes producestage 4 remains intact ira mutantXX pseudomale germ cells,
enough additionalotu function, presumably during pupal butis usually inactive specifically because of inadequate levels
stages, to induce oogenic differentiation. However, the level aif otu function. This is illustrated by our observation that
feminization was markedly reduced if assayed 7-10 daymduced oogenesis cannot occur in the absewoeor Sxl
posteclosion (Fig. 6B). This is consistent with diiepromoter
(in the endogenous genes ap@tul04 becoming inactive
shortly after eclosion. Supporting this interpretation, we founc female soma tra female soma
the feminization induced by thbs-otu construct was not l v
substantially altered in similarly aged flies (Fig. 6D,E). In this female-specific
case, the heterologous heat-shock promoter would not | _
inhibited by arotu-specific somatic interaction, hence oogenic géxm ., ommiio o germcdls _ germ cellsbecome

[0]

differentiation should be maintained. Therefore, we conclud \cdls development require ovo responsiveto Otu
that tra-dependent female differentiation of the soma is

necessary to maintaiotu promoter activity in the adult

germline at levels sufficient to support oogenesis. embryoflarva pupa/adult

Fig. 7.Model for howtra influences the regulation and function of

DISCUSSION ovoandotu. XX germ cells initiate female development (A) in a
process influenced by sex-specific somatic signals controllad.by
Soma-dependent maintenance of  otu activity in the Female differentiation oKX germ cells results in a requirement for

XX germline is necessary for oogenesis ovofunction quing larval gonial stages (B). At about this stage,
. L. romoter activity becomes restrictedd¥ germ cells. The function

We previously demonstrated that female somatic signals caf oyois required for germ cells to become responsive to the oogenic

causeXY germ cells to requiretu for proliferation (Nagoshi ifferentiation function obtu (C), beginning in pupal stages. At this

et al., 1995). This was the first indication that the germlingime, sex-specific somatic signals controlledtayinduce female-

function of otu was influenced by the sexual identity of the specificotu promoter activity.
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functions (Fig. 1C,D). Therefore, both these and other essentidifferentiation inXX pseudomales, even witis-otu(Fig. 1B).
gene products must either be present in pseudomales ldowever, the increaseastu expression substantially improved
induced by additionabtu activity. We conclude that thiea-  the recovery of non-oogenic gonads (compare Fig. 1B with F).
dependent somatic interaction required for early stages dherefore, otu appears to improve either the viability or

oogenesis acts primarily by modulatioty expression. proliferation ofovo mutant germ cells independent of further
oogenic differentiation.

tra is required to maintain  otu, but not ovo, promoter These observations have an additional ramification. In

activity in the XX germline contrast to thetu proliferation function, the capacity fartu

The mechanism by which the soma influenasfunction is  to induce oogenesis clearly requice® product (compare Fig.
through the regulation of thetu promoter. The male 1E with 1F). This dichotomy in the responsivenessowub
transformation ofXX soma inhibitsotu activity in XX germ  mutant germ cells totu activity indicates differences in how
cells, while the presence of pseudofemale soma altiiws these two genes interact in regard to maintaidiigerm cell
expression inXY germ cells. This pattern of soma-dependenthumbers and oogenic differentiation.
regulation is specific totu, as two other germline promoters ) ) .
(vasaand ovo) were not affected by the same somatic sexI he genetic basis of the XX pseudomale germline
transformations. phenotypes
Further comparisons between thite andovopromoters are From the data in Fig. 1, some inferences can be made
instructive. Both the otu-lacZ and ovo-lacZ promoter concerning the genetic derivation of the pseudomale
constructs initially have non-sex-specific expression patternshenotypes. In every genotype examined, at least 10-20% of the
that subsequently become very restricted in the male germlipseudomales were of the non-oogenic class, even in those
(Mével-Ninio et al.,, 1995; Rodesch et al., 1995; Fig. 4)gonads containings-otu(Fig. 1). We believe this represents an
Although the potential perdurance of tlfegalactosidase early commitment of the germ cells in this subset to a male fate,
products preclude the precise determination of when sexas suggested by their fusome composition and operationally
specific regulation begins, it is clear that it occurs earlier fodefined by their insensitivity to changes in the levedtofand
ovothan forotu. Sex-specificity in thevo-lacZpattern is seen mutations inovoandSxl In this regard, they are similar Xor
in 2nd and 3rd instar larval gonads (Mével-Ninio et al., 1995)germ cells developing in testes which also do not require the
compared to adult stages fatu-lacZ(Fig. 4). It is notable that functions of these oogenic genes. These data are consistent with
these time periods approximately correspond to wheovbe previous studies based on morphological criteria that also
and otu mutant germline phenotypes first become appareritientified a subset of ‘spermatogenic mutant pseudomales
(Rodesch et al., 1995; Staab and Steinmann-Zwicky, 1995). (N6thiger et al., 1989). The implication is tharadependent
These observations demonstrate that sex-specific promot®smatic process can sexually transfofd germ cells, albeit
activity for both genes is not initially determined by theinefficiently, such that they no longer requine, otu or SxlIfor
germline X:A ratio. Instead, there is some type ofatleast some aspects of gametogenesis.
developmentally regulated induction of sex-specificity, which In the remaining oogenic and atrophic gonads, we believe
occurs at different times for the two promoters. The regulatiothe germ cells maintain a female identity, reflecting their
of ovo and otu transcription also differ in their sensitivity to chromosomal constitution. This ‘femaleness’ is defined by the
somatic influences. Changes in the somatic sexual identity yontinued sensitivity of these cells to the oogenic effects of
alterations intra expression have no effect on the activity of heterologousotu expression (compare Fig. 1A and E). The
theovopromoter (Oliver et al., 1994), but do altenpromoter  degree of female development, and thereby the distinction
expression (Fig. 5A,B). Therefore, different mechanism$etween atrophic and oogenic gonads, depends upon the level
regulate the transcription of these two genes. In addititn, of otu expressed, as demonstrated in Fig. 6.
promoter activity does not requiogofunction in eitheiXX or o
XY germ cells during early gametogenic stages (Rodesch et afa-dependent somatic influences on  ovo and otu
1995; Fig. 5E). These data have important implications witigermline functions
respect to recent reports suggestioty transcription is Mutations in theovo gene typically result in the absence of
controlled byovo (Lu et al., 1998). Our results indicate that germ cells in adult ovaries and aborted oogenic differentiation.
this putative regulation does not play a major role during earlin fact, ovonull XX germ cells were reported to die beginning
stages of female germline development. Perhaps it becomisembryonic stages (Oliver et al., 1987, 1990). This effect on

more critical during later oogenic stages. both the differentiation and early viability of thX germline
) ) has led to the proposal thato is a primary regulator of
otu has ovo-dependent and independent functions germline sex determination, perhaps having a role in germline

In XX ovaries, mutations imtu affect germ cell numbers as dosage compensation or in determining the germ cell X:A ratio
well as their differentiation, suggesting a possible proliferatiorfOliver et al., 1990, 1993, 1994).

function. Support for this came from our earlier study using One assumption of these hypotheses is that the reduction in
sexually transformedXY animals, which allowed us to the number ofovo mutant germ cells is due to increased
separately examine the proliferation and differentiatiorlethality. Evidence in support of this supposition comes from
phenotypes (Nagoshi et al., 1995). In this cx3égerm cells  electron microscopic examination of presumptiv® mutant
developing in a somatic ovar{Y{ pseudofemales) requireti  embryos, where a subset of pole cells appeared to be dead or
to maintain germ cell and egg chamber numbers. We nodying (Oliver et al., 1990). However, two separate studies
demonstrate in pseudomales that a similar effect occi#Xin demonstrate that consistent and significant abnormalities in
germ cells. The ovo null mutation prevents oogenic ovo mutant gonads were not evident until the second instar
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larval stage, bringing into question the significance of theéhat a somatic signal controlled by contributes to an early
reported embryonic phenotype (Rodesch et al., 1995; Staab ardjulatory commitment to female development (Fig. 7A). This
Steinmann-Zwicky, 1995). In neither of these later reports wasreates a requirement fovo activity during the larval gonial
there evidence that the larval gonadal abnormalities stemmeathges, at which time thevo promoter becomes more sex
from germ cell lethality, as opposed to, for example, reducespecific in its expression (Fig. 7B). We believe that during the
cell proliferation. Therefore, it is not established thabis  pupal and adult stages, two critical events occur in the female
required for germ cell viability during oogonial development. germarium (Fig. 7C). Firsgvo activity allowsXX germ cells

A second assumption is that the requirementdeo is to become receptive to thau function controlling oogenic
determined primarily, if not solely, by the germline X:A ratio. differentiation. Secondtra-dependent somatic signals allow
Support for this comes from two complementary observationgontinued expression obtu in the female germline by
XY germ cells do not requirevo when made to develop in a maintaining otu promoter activity. By this mechanism, we
female soma (Steinmann-Zwicky et al., 1989; Oliver et al.pelieve that theotu gene serves to link the somatic sex
1994), and the presence of male-transformed soma did ndifferentiation pathway controlled byra with a female
eliminate the requirement foroin XXgerm cells (Steinmann- germline developmental pathway controlleddwp.
Zwicky et al., 1989; Nagoshi et al., 1995). However our use of
molecular germline markers defined a more complex We are gr_ateful to Robert Malone,_Lori Wallrath and members of
pseudomale phenotype. While we confirmed thab\annull the Nagoshi laboratory for helpful discussions and comments. We
allele did prevent oogenic differentiation, no significantthank the laboratories of L. Cooley, and Y. N. Jan, T. Byers and D.
alterations in the frequency of the non-oogenic pseudoma%ramon for antibodies and/or monoclonal cell lines and two

| b d. Theref th d let f tanonymous reviewers for useful critiques. Some monoclonals were
class were observed. Ihereiore, the pseudomale transiormati§fiaineq  from the Developmental Studies Hybridoma Bank

allows a substantial fraction afvo null XX germ cells t0  maintained by The University of lowa, Department of Biological
perdure to the adult stage and produce spectrosomes agglences, lowa City, IA 52242, under contract NO1-HD-7-3263 from
fusomes. This contrasts with the absence of similathe NICHD. This work was supported by grant GM45843 from the
differentiation typically observed in the infrequemto null National Institutes of Health and a grant from the Carver Foundation.
germ cells found in adult ovaries (Fig. 2), although it should

be noted that a small subset of these mutant cells can

occasionally produce fusomes (R. N. N. and S. H., unpublishgdEFERENCES

data). A similar phenomenon is seen wvath. In females, null

mutations irotu block oogenesis at the first cystocyte division,Brown, E. H. and King, R. C. (1961). Studies on the expression of the
producing small, linear fusomes (Rodesch et al., 1995; Staabtransformergene ofDrosophila melanogaster. Geneti¢s, 143-156.
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pseudomales lackingotu produce large, multibranched Hager, J. H. and Cline, T. W.(1997)’. Induction of femal&ex-lethalRNA
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least with regard to early gametogenic differentiation, can bBay, B., Jan, L. Y. and Jan, Y. N(1988). A protein component of Drosophila

; ; _ ; polar granules is encoded by vasa and has extensive sequence smilarity to
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. .Heller, A. and Steinmann-Zwicky, M. (1998). InDrosophila female gonadal
One explanation for these results follows from our genetic cells repress male-specific gene expression in XX germ &édish. Dev.
rationalization of the pseudomale phenotypes. We hypothesize73, 203-209.
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